This paper discusses the convergence and accuracy of the three mixed formulations in the 5 companion paper for a new composite frame element that is suitable for the large-scale, large- 
INTRODUCTION
In the companion paper three formulations, a mixed-displacement (MD), a mixed-force
The numerical simulations of steel-concrete composite specimens to date including the 
59
The general nature of the proposed mixed formulations in the companion paper permits 60 a more detailed analysis of bond-slip phenomena in composite structural members under 61 uniaxial or biaxial response than has been possible to date, as the following correlation 62 studies aim to illustrate.
63
The following numerical simulations were performed with FEDEASLab (http://fedeaslab. 
66

CONVERGENCE STUDY
67
The convergence characteristics of the three formulations are evaluated with the inelastic 68 response of the steel-concrete composite substructure specimen with partial composite action 69 by Bursi and Ballerini (1996) . The geometry and configuration of the specimen are shown in The constitutive models used for concrete, steel and bond-slip of the shear studs are the 85 Mander model (Mander et al., 1988) these models are also used in all subsequent correlation studies.
90
For the concrete material model, the strength f c at 28 days is 36.8 MPa, the strain at 91 maximum strength ε co is 0.002 and the confinement ratio K is 1. For the steel material 92 model, the Young modulus E s is 205 GPa, the yield strength f y is 329 MPa and the strain 93 hardening ratio b is 1.4%. For the bond-slip model, the transition points of the trilinear 94 monotonic envelope are given by the following slip-stress value pairs (0.2 mm, 1.0 MPa),
95
(2 mm, 1.9 MPa) and (8 mm, 2.04 MPa). The bond stress at a slip value larger than 8 96 mm follows the slope of the last linear branch until reaching a zero stress. This trilinear 97 envelope approximates the monotonic force-deformation relation of shear studs from a series 98 of experiments by Ollgaard et al. (1971) .
99
Whereas the convergence rate of a finite element is well defined for elastic response, 100 it is not well defined for inelastic response and will not be reported in quantitative terms 
111
For the convergence study the specimen is subjected to a displacement-controlled mono- 
144
CORRELATION STUDIES WITH EXPERIMENTAL RESULTS
145
The accuracy of the formulations is assessed by correlating the numerical results with 146 experimental data for a steel-concrete composite substructure under uniaxial loading by
147
Bursi and Ballerini (1996) , and for the biaxial response of two reinforced concrete cantilever 148 columns by Low and Moehle (1987) and Bousias et al. (1995) .
149
The experimental studies to establish the bond-slip relation between reinforcing steel and 150 concrete as well as between the components of composite structural members continue to this The specimen geometry and material properties for the composite substructure by Bursi-
163
Ballerini were described in connection with the convergence study and are shown schemat- for this relation will be explored in a future study.
176
The bond-slip relation deviates by about 30% in terms of strength from the proposal by These parameters are described in the documentation for the hysteretic model of OpenSees
181
(http://opensees.berkeley.edu).
182
The steel-concrete substructure specimen by Bursi-Ballerini was pulled and pushed at 
Reinforced-Concrete Cantilever Column by Bousias
232
The next correlation study involves the square reinforced concrete cantilever column speci- The length ratio of the anchored bar segments is 1 to 2, with the shorter segment starting at 250 the column base. The column cross section is discretized with a grid of 10x10 fibers, with a 251 grid of 6x6 fibers for the confined concrete core and the remainder for the unconfined cover.
252
The slip of the reinforcing bars is assumed to be zero at the cantilever tip , while the slip 
256
(1982) with a significant higher peak bond stress value for the same relative slip.
257
The parameters for the Mander concrete model are f c =25.7 MPa, ε co =0.003 and K=1.25 reference to the displacement history in Fig. 6(b) . The agreement of the model that includes 288 the bond-slip of the reinforcing bars with the experimental results is excellent.
289
To assess the influence of the relative slip of the reinforcement on the cantilever column 290 response, the second row of Fig. 7 shows the force-tip displacement relation for a numerical 
Reinforced-Concrete Cantilever Column by Low-Moehle
308
The next correlation study involves the rectangular reinforced concrete cantilever column 309 specimen by Low and Moehle (1987) . Fig. 9 shows the geometry and the reinforcing details 310 of the specimen, as well as the model discretization in one composite frame element and 10 311 anchored bar elements, one for each reinforcing bar.
312
The model for this RC cantilever column is similar to that used in the preceding corre-313 lation study. The differences regard the specimen geometry, the shape of the cross section, 314 the material parameters, the interesting 'cloverleaf' pattern for the biaxial lateral displace-315 ment history in Fig. 9 with a variable axial force that accounts for the overturning effect in 316 building columns, the reinforcement details, and the fact that for the experiments by Low 317 and Moehle (1987) the pull-out of the reinforcing bars from the foundation was measured.
318
The parameters for the Mander concrete model are f c =4.6 ksi (31.7 MPa), ε co =0.003 319 and K=1.35 for the confined core with K=1.00 for the unconfined cover; the steel model 320 parameters are E s =29000 ksi (200 GPa), f y =65 ksi (448 MPa) and b=1.8% for the #3 321 re-bars, and f y =73 ksi (503 MPa) and b=1% for #2 re-bars. 
380
The correlation studies confirm the accuracy and numerical robustness of the mixed 381 formulations with reference to the cyclic force-displacement relation and the local strain and 382 relative slip distributions of the constituent components.
383
The convergence study shows that
384
• the MF formulation gives the most accurate global and local response estimates for 
391
The correlation studies show that
392
• All three formulations are capable of representing accurately the load-displacement 393 response and the relative slip distribution of structural members with partial bond.
394
• The need for fewer interpolation segments for the relative slip fields with the MF 395 formulation make it the most economical of the three approaches for the same level 396 of accuracy.
397
• The proposed model is capable of describing the reduced strength and stiffness of 398 structural members under partial bond.
• The proposed model is capable of describing several global and local response variables 
407
The proposed model is formulated so that it can be readily deployed in a general pur- 
